To clarify the importance of different patterns of infiltration at the proximal border of hilar bile duct carcinomas.
Summary Background Data
There are few detailed pathologic studies on the proximal resection margins in patients with hilar bile duct carcinoma.
Methods
Seral sections of 62 specimens of resected hilar bile duct carcinoma were examined histologically to determine the involved layers and routes of invasion at the proximal border. The degree of cancer extension was determined, and the relation between the length of the tumor-free resection margin and postoperative anastomotic recurrences was analyzed.
Results
Mucosal extension was predominant in papillary and nodular tumors, but submucosal extension was predominant in diffusely infiltrating and nodular-infiltrating tumors. Submucosal extension usually consisted of direct or lymphatic invasion. The mean length of submucosal extension was 6.0 mm. Superficial spread of cancer, defined as mucosal extension of more than 20 mm from the main lesion, was seen in 8 specimens. No patient had an anastomotic recurrence when the tumor-free resection margin was greater than 5 mm.
Conclusions
The pattern of infiltration at the proximal border of resected hilar bile duct carcinomas is closely related to the gross tumor type. The length of submucosal extension is usually less than 10 mm. Superficial spread of cancer is seen in more than 10% of cases. A tumor-free proximal resection margin of 5 mm appears to be adequate in hilar bile duct carcinoma. The 
MATERIALS AND METHODS
From April 1977 to May 1995, a total of 120 patients with so-called hilar cholangiocarcinoma underwent surgical resection at the First Department of Surgery, Nagoya University School of Medicine. Thirty-two patients had an intrahepatic bile duct carcinoma invading the hepatic hilus, and 88 patients had a hilar bile duct carcinoma in a narrow sense, which arose from the hepatic confluence, including the right and left hepatic ducts and the upper part of the common hepatic duct just below the confluence. The 32 patients with intrahepatic bile duct carcinomas were excluded from the study, as were 26 of the 88 patients with hilar bile duct carcinomas, because the resected specimens were sectioned transversely to the proximal resection margin of the bile ducts. Thus, the remaining 62 patients were enrolled in this study. The study group comprised 46 men and 16 women, ages 41 to 79 years (mean, 61 years). The types of surgical procedures performed in the 62 patients are shown in Table 1 .
After performing cholangiography on the resected specimen, the extrahepatic bile duct was opened longitudinally, from the distal resection margin up to the proximal margin. The gross type of the tumor was assessed as papillary, nodular, nodular-infiltrating, or diffusely infiltrating (Fig.  1) . The specimens were fixed in 10% formalin for several days and then were serially sectioned at 3-to 5-mm intervals longitudinally to the bile duct (Fig. 2 ). Specimens were prepared in the usual manner for microscopic examination, with hematoxylin and eosin, and elastic fiber van Gieson stain as needed.
The involved layers and the routes of invasion of the carcinomas were investigated in detail. The involved layer at the proximal border of the cancer was classified as the mucosal, submucosal-intramural, or submucosal-extramural layer (Fig. 3) . The submucosal-intramural layer was defined as the dense fibrous layer beneath the mucosal layer. The submucosal-extramural layer was defined as the outer sparse fibrous layer containing vessels and nerves. When a carcinoma invaded both layers equally, the involved layer was recorded as both layers. The routes of invasion at the proximal border were categorized into four types: direct, lymphatic, venous, and perineural invasion (Fig. 4) . Continuous cancer cell invasion with fibrous stroma was defined as direct invasion.
Subsequently, we measured the longitudinal length of the mucosal and submucosal cancer extension on the microscope slides. Mucosal extension was measured from the margin of the main lesion to the leading edge of the cancer extension (Fig. 3A) . Submucosal extension was defined as submucosal carcinomatous extension without mucosal extension (Fig. 3B ).
In addition, we analyzed the relation between the length of the tumor-free resection margin and anastomotic recurrences in the 36 subjects who died of tumor recurrence. The types of recurrence were determined from autopsies, clinical signs, or radiologic findings. Only tumor recurrences localized at the bilioenteric anastomosis were categorized as anastomotic recurrences.
Results The proximal bile ducts were transected at the nght posterior (P), ventral branch (B8a), lateral and dorsal branch (B8bc) of the right anterior superior, and nght anterior inferior (B5) segmental ducts. The bile ducts were opened along the posterior wall. The specimen was serially sliced longitudinally to each resected margin. CHD, common hepatic duct; B2, left lateral posterior segmental duct; B3, left lateral anterior segmental duct; B4, left medial segmental duct.
two or more margins, the margin with the longest carcinomatous extension from the main lesion was defined as the proximal border of the case. 
Involved Layer at the Proximal Border
The involved layers at the proximal borders were analyzed by gross tumor type (Table 2 ). In 17 of the 62 patients (27%), the leading edge of the carcinoma was in the mucosal layer, and in the remaining 45 patients (73%), it was in the submucosal layer: submucosal-intramural in 24 patients, submucosalextramural in 11, and both layers in 10. A significant relation between the involved layer and the gross tumor type was found. Mucosal extension was observed in 88% (15 of 17) of papillary or nodular tumors but in only 4% (2 of 45) of nodular-infiltrating or diffusely infiltrating tumors. This difference was statistically significant (p < 0.05).
Mucosal Extension
The longitudinal length of mucosal extension (Fig. 3A) was measured in the 17 patients in whom the mucosal layer was involved at the proximal border. The length was less than 5 mm in 8 patients, 5 to 20 mm in 1, and more than 20 mm in 8 (Fig. 5) . The longest extension was 31 mm. When "superficial spread of carcinoma" was defined as mucosal extension of more than 20 mm,1113,14 the incidence of superficial spread was 40% (4 of 10) in papillary tumors, 13% (3 of 23) in nodular or nodular-infiltrating tumors, and 3% (1 of 29) in diffusely infiltrating tumors. There was a significant difference in incidence among these three groups (p < 0.05) ( Table 3 ). In cases of superficial spread, the papillary adenocarcinoma spread continuously from the main lesion, eroding the normal ductal epithelium (Fig. 6 ).
Submucosal Extension
The routes of submucosal invasion were detmined in the 45 patients in whom the submucosal layer was involved at the prox- 6 .0 mm) and was extmural layer. In cases with submucosal extension, marked less than 10 mm in 25 patients (83%) (Fig. 7) . The length of Length of mucosal extension (mm) Figure 5 . The longitudinal length of mucosal extension in 17 patients in whom the mucosal layer was involved at the proximal border. The average length was 11.5 ± 11.4 mm.
the submucosal extension had no correlation with histologic type or depth of the main lesion. When "discontinuous" submucosal invasion was defined as infiltration more than 5 mm distant from the margin of contiguous carcinomatous invasion, only 1 patient showed this rare type of invasion.
Free Resection Margin
The length of proximal tumor-free resection margin was measured on all the specimens (Fig. 8) . The mean tumorfree margin was 5.9 ± 5.6 mm (range, 0-24 mm). A positive resection margin was detected in 10 patients (16%). Three of these 10 patients received only debulking surgery where positive margins were expected.
During a mean follow-up period of 33 months, anastomotic recurrences developed in 5 patients. The mean proximal tumor-free margin was significantly shorter in these 5 patients than in those without an anastomotic recurrence (0.9 ± 1.3 mm vs. 6.4 ± 5.7 mm, p < 0.05). The incidence of anastomotic recurrence was 18% (4 of 22) in patients with tumor-free resection margins less than 2.5 mm and 10% (1 of 10) for margins between 2.5 and 5 mm. When the tumor-free resection margin was longer than 5 mm, however, no anastomotic recurrences occurred.
DISCUSSION
In this study, we have clearly demonstrated a relation between the gross type of hilar bile duct carcinoma and the pattern of infiltration at the proximal border. Mucosal extension at the proximal border was observed significantly more often in papillary or nodular tumors, which macroscopically present as protruding and limited lesions. This type of extension was continuous invasion of papillary adenocarcinoma from the main lesion. On the other hand, submucosal extension was characteristic of diffusely infiltrating or nodular-infiltrating tumors, which present as flat lesions without a clear macroscopic border. In addition, both direct and lymphatic invasion proved to be common routes of submucosal extension, which was usually accompanied by marked fibrosis and infiltration of inflammatory cells. [15] [16] [17] [18] [19] These histologic changes appear to cause the findings of rigidity, narrowing, tapering, and obstruction of the bile duct seen on cholangiograms. Thus, a careful search for these findings, especially rigidity of the bile duct wall, on high-quality selective cholangiograms may lead to a more accurate preoperative diagnosis of the extent of the cancer to design the definitive surgical procedure. 10-2,19-21
Previously, we reported that perineural invasion was a -----i -- Length of submucosal extension (mm) Figure 7 . The longitudinal length of submucosal extension in 30 patients in whom the submucosal layer was involved at the proximal border. The average distance was 6.0 + 3.6 mm. Ann. Surg. -March 1998 motic recurrence from a "local" recurrence. Local recurrences derive from positive dissection margins, perineural invasion around the hepatic artery, or involved regional nodes. Thus, anastomotic recurrences caused by positive proximal resection margins should be distinguished from local recurrences.
In conclusion, the pattern of infiltration at the proximal border of hilar bile duct carcinoma is closely related to the gross tumor type. Submucosal extension is usually less than 10 mm, and superficial spread of carcinoma is seen in more than 10% of cases. Proximal bile duct resection with tumorfree resection margins of 5 mm or more with or without hepatectomy may improve the survival of patients with intractable hilar bile duct carcinoma.
